SUMMARY One hundred patients with asymptomatic carotid bruit or transient ischemic attack (TIA) underwent continuous-wave Doppier (CWD) and real time ultrasound (RTU) testing of their cervical carotid arteries. After ultrasonic studies, 51 patients also underwent bilateral carotid angiography. There was 95 % agreement between CWD and angiography for the diagnosis of a significant (> 50 %) stenosis. The RTU diagnosis of a normal or occluded vessel was correct in 100% of cases. Seven plaques appreciated on RTU may not have been large enough for detection by angiography. In this small series, ulceration confirmed pathologically was more reliably predicted by RTU than by cerebral angiography.
Material and Methods
From June 1982 to September 1983, 100 consecutive Caucasian patients referred to the Neurosonology laboratory with either ACB or TIA were examined by CWD and RTU. These patients ranged in age from 40 to 84 years (table 1) . Of 100 patients, 15 had asymptomatic carotid bruit (ACB), 19 had amaurosis fugax, 28 had vertebrobasilar TIAs and 38 had hemispheric TIAs. Fifty-one also underwent fourvessel cerebral angiography and 19 underwent carotid endarterectomy.
All CWD scans were performed on supine patients with the 1050 DOPSCAN* imaging system and a 5 MHz transducer using the techniques described by Spencer et al' and Blackwell et al. 2 CWD was interpreted as abnormal whenever there was no flow detectable (obstruction) or there was a doppier frequency shift greater than 6 KHz (> 50% stenosis). RTU studies were performed with an 8 MHz high-resolution Biosonics scannert with patients seated in a dental chair. Longitudinal and transverse images of the carotid bifurcation were obtained and videotaped from anteroposterior, lateral and posterolateral projections.
RTU was interpreted as showing obstruction whenever there was no discernible lumen and no appreciable pulsation. Ulcerated plaque was diagnosed by RTU whenever the atheroma had an undercut, crater-like, or markedly irregular surface.
The findings of CWD and RTU were compared with the results of cerebral angiography in the 51 patients who underwent angiography. For the correlation of ultrasound results with clinical data, CWD and RTU results were synthesized in each patient as per table 2, classifying each internal carotid origin as either 1) normal, 2) abnormal with insignificant atheroma, or 3) abnormal with significant atheroma.
Plasma concentrations of total cholesterol (TC), triglyceride (TG) and high density lipoprotein cholesterol (HDL-C) were measured in 67 of the 100 patients. From these 67 patients, we selected 55 with TIAs and carotid atheromata who were over 60 years of age to compare with similar age and sex matched healthy controls. Controls for this comparison were 63 consecutive inpatients at the North Carolina Baptist Hospital from April 1982 to February 1983 who underwent coronary arteriography and were found to be free of coronary atherosclerosis. Plasma TC, TG, and HDL-C concentration determinations were performed using methodology described in detail in the Manual of Laboratory Operations of the Lipid Research Clinics Program.
3

Results
The findings of CWD concurred with those of angiography (table 3) in 97% of cases with < 50% stenosis (by angiography) and in 94% of cases with > 50% stenosis. All five occluded vessels were correctly diagnosed by CWD. Eighty-five percent of smooth plaques diagnosed by RTU ( raphy in 93% of cases, and the RTU diagnosis of a normal or occluded vessel was corroborated by angiography in 100% cases. Seven of 73 (9.6%) smooth plaques demonstrated by RTU were not detected by angiography. In retrospect, these plaques were found to be less than 2 mm thick by RTU and did not cause a flow disturbance by CWD. Nineteen patients underwent endarterectomy. Of the 19 endarterectomy specimens examined pathologically, 10 were ulcerated. Eight (80%) ulcers were correctly diagnosed by RTU and six (60%) were correctly diagnosed by angiography prior to surgery. One false positive diagnosis of ulceration was made by RTU, and three false positive diagnoses of ulceration were made by angiography. Tables 5 through 7 display the correlation of ischemic symptoms with carotid bifurcation disease as assessed by RTU and CWD combined. Of the 19 patients with amaurosis fugax, 14 (74%) had significant atheromata of the ipsilateral carotid bifurcation, and 4 (21%) had significant atheromata of the contralateral carotid bifurcation. Of the 38 patients with hemispheric TIAs, 20 (52%) had significant atheromata of the ipsilateral carotid bifurcation and 7 (18%) had significant atheromata of the contralateral carotid bifurcation.
In the 28 patients with vertebrobasilar TIAs, nine (32%) had significant plaques of the right carotid bifurcation and 11 (29%) had significant plaques of the left carotid bifurcation. Five (18%) had significant atheromatous lesions bilaterally.
Sixteen patients in this series had carotid bruits ipsilateral to ischemic carotid symptoms. Fourteen of these 16 patients (87%) had significant ipsilateral carotid plaques with 8 of the 14 symptomatic plaques having ulcerations. Twenty patients in this series had asymptomatic carotid bruits (five of these also had TIAs). Twelve of these 20 (60%) patients had significant carotid atheromata ipsilateral to the bruit. Only 2 (10%) of the asymptomatic bruit bifurcations were ulcerated.
Among TIA patients, 42% had heart disease, 11% had diabetes mellitus, 69% had hypertension and 45% smoked. Plasma TC concentrations were significantly higher in TIA patients with carotid atheromata than in controls. Elevations of plasma TC concentration were equally striking in men (table 8) and women (table 9) . Plasma TG and HDL-C concentrations were not significantly different in TIA patients with cajotid bifurcation atherosclerosis than in controls.
Discussion
The current study, like others, 4 "* demonstrates that CWD is reliable for the diagnosis of carotid bifurcation atherosclerosis causing greater than 50% stenosis or occlusion. CWD is less reliable for detecting minimal or ulcerated plaques, but RTU is sensitive in detecting these, possibly more sensitive than even arteriography. 7 " 9 In the current study, 7 small carotid bifurcation plaques were detected by RTU but not angiography. Also, although small numbers were involved in the current series, RTU was more accurate than angiography for the diagnosis of plaque ulceration, confirming the findings of Johnson et al. 10 CWD and RTU can theoretically provide other physiologic and anatomic information not revealed by angiography. CWD demonstrates physiologic abnormalities of In carotid TIA patients, significant ipsilateral carotid bifurcation atherosclerosis was more prevalent among patients with amaurosis fugax than among patients with hemispheric TIAs, confirming similar findings by Lemak and Fields." Fifty percent of plaques ipsilateral to a symptomatic carotid bruit were ulcerated while only 10% of plaques ipsilateral to an asymp- tomatic carotid bruit were ulcerated. Though the numbers involved are small, these findings confirm the significance of plaque ulceration in the pathogenesis of TIAs and confirm the importance of RTU in detecting plaque ulceration. The current study found, as have others, 12 " 14 that heart disease, hypertension, diabetes mellitus and smoking are prevalent among TIA patients. There was a significant elevation of plasma concentrations of TC in TLA patients with carotid atheromata compared to normal controls, confirming the findings of DeWeese et al 15 and Humphries et al. 16 In our TIA population, we could not confirm the elevated plasma TG concentrations 17 or the decreased plasma HDL-C concentrations 18 reported by others. Despite the fact that elevated plasma concentrations of TC are not clearly related to the incidence of stroke, 19 plasma lipoprotein concentration abnormalities seem clearly associated with carotid bifurcation atherosclerosis and the incidence of TIA.
